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The effect of saline loading on uranium-induced acute renal
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The effect of saline loading on uranium-induced acute renal failure in
rats. Studies were performed to examine the effect of saline loading on
uranium-induced acute renal failure (ARF) in rats. Forty-eight hours
after the i.v. injection of uranyl acetate (VA, 5 mg/kg), inulin clearance
rate (C) decreased to approximately 43% of the control value in water
drinking rats (P < 0.005). Animals receiving continuous isotonic saline
infusion following UA showed higher urine flow and C, (60% of
control, P < 0.01), and lessened intratubular cast formation when
compared with water-drinking ARF rats. A short-term saline infusion
following UA did not attenuate the decline in Cm (43% of control). An
inverse relationship was found between Cm and the number of casts (r
=
—0.75, P < 0.01). Multiple regression analysis showed that standard-
ized partial regression coefficient is statistically significant between C
and cast formation (—0.69, P < 0.05), but not between C,, and tubular
necrosis (—0.07, P > 0.05). Renin depletion caused by DOCA plus
saline drinking did not attenuate the decline in C in ARF (47% of
control). No significant difference was found in urinary uranium excre-
tion between water-drinking and saline-infused ARF rats. The findings
suggest that continuous saline infusion following UA attenuates the
decline in C, in ARF rats; and that this beneficial effect of saline loading
is associated with lessened cast formation rather than with suppressed
renin-angiotensin activity or enhanced urinary-uranium excretion.
There seems to be a controversy concerning the pathogenetic
factors operative in uranium-induced acute renal failure (ARF)
[1, 21. Suggested factors include activated renin-angiotensin
system [3—7]. The pathogenic role of this system in ARF was
suggested by observations that uranium-induced ARF was
prevented when the renin-angiotensin activity was suppressed
by chronic saline drinking [6], by an angiotensin converting
enzyme inhibitor along with [7] or without plasma volume
expansion [41, or by replacement of urinary fluid loss after ARF
insult [5]. Controversy still exists, however, regarding the
pathogenic role of the renin-angiotensin system in ARF [8].
Some investigators [9, 10] have noticed that chronic saline
drinking prevents an increase in blood urea nitrogen in uranium-
induced ARF. However, this protective effect of saline intake
appeared to be independent of renin depletion [10]. The previ-
ous study from this laboratory [11] demonstrated that the
continuous i.v. infusion of an angiotensin converting enzyme
inhibitor (captopril) following the uranium injection does not
protect against ARF in rabbits. Also, Blantz et a! [7] noticed no
significant difference in the inulin clearance rate (C1) between
uranium- and uranium plus angiotensin converting enzyme
inhibitor-treated hydropenic rats.
On the other hand, recent evidence $1 suggests that mainte-
nance of sodium intake and/or excretion following ARF insult
are the important factors in sodium chloride-induced protection
against ARF, and that renin depletion prior to the insult is not
a prerequisite for the protection. There is the possibility that
continuous saline loading results in lower concentration of
uranium in tubular fluid and thus, less severe tubular damage
[6]. Scant information is available, however, concerning the
renal handling of uranium.
The present work was performed to explore the factors
operative in saline-induced protection against uranium-medi-
ated ARF in rats.
Methods
One hundred and eleven male Sprague-Dawley rats, initially
weighing 250 to 270 g, were divided into seven groups: group 1,
water drinking controls (N 12); group 2, water drinking ARF(N = 27); group 3, saline infused controls (N = 5); group 4,
saline infused ARF (N = 32);group 5, 7.5 hr saline-infused ARF
(N 7); group 6, desoxycorticosterone (DOCA)-pretreated and
1% saline-drinking controls (N = II); and group 7, DOCA-
pretreated and 1% saline-drinking ARF (N = 17). Each animal
was kept in a cage for 4 to 5 weeks prior to the experiment and
allowed free access to standard rat chow throughout the obser-
vation period. ARF was induced in groups 2, 4, 5 and 7 by the
i.v. injection of uranium acetate (5 mg/kg of body wt). Groups
1, 3 and 6 were given vehicle (isotonic saline) and used as
controls of ARF groups, In groups 3 and 4, isotonic saline
infusion (4 ml/hr) was started just after the uranium or vehicle
injection through an indwelling femoral vein catheter and
continued for 48 hours, Group 5 was given i.v. saline for the
first 7.5 hours after the uranium injection and drinking water
thereafter. In groups 6 and 7, 10 mg/kg of body wt/week of
DOCA was subcutaneously injected for 4 to 5 weeks prior to the
uranium or vehicle injection and 1% saline was given orally
throughout the observation period.
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Clearance studies
Forty-eight hours after the uranium or vehicle injection,
clearance studies were performed in controls and ARF rats as
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Table 1. Clearance studies
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shown in Table 1. The animals were weighed and anesthetized
with intraperitoneal sodium pentobarbital (40 mg/kg of body wt)
on a thermostatically controlled table. A tracheostomy tube,
jugular vein and carotid artery catheters were tied in place. The
arterial catheter was used for blood pressure monitoring with a
pressure transducer (MPU 05A, Nihon Kohden, Tokyo, Japan)
and for blood sampling. The left ureter was cannulated for urine
collection. The glomerular filtration rate (GFR) in the left
kidney was evaluated by '4C-inulin clearance (C1). In groups 1,
2, 5, 6 and 7, '4C-inulin saline solution (1 pCi/mI) was infused at
a constant rate (1.2 ml/hr) through the jugular vein catheter. In
groups 3 and 4, '4C-inulin saline solution (0.25 pCi/ml) was
infused at a rate of 4 mI/hr. After a 40-minute equilibration
period, two 30-minute clearance studies were performed. Blood
samples were collected at the midpoint of the clearance period.
In the measurement of '4C-inulin in blood and urine samples,
0.05 ml of the sample was added to 10 ml of ACS (Amersham
Corporation, Canada), and its radioactivity was determined in a
liquid scintillation counter (LSC-670, Aloka, Tokyo, Japan). C1
was expressed as mI/mm/kidney and the percent of the control
value.
Histological examinations
Forty-eight hours after the uranium administration, histolog-
ical observations were carried out in 13 water-drinking and 11
saline-infused ARF rats. For light microscopic observations,
excised kidneys were fixed in 10% neutral buffered formalin
solution, dehydrated in graded alcohols, and then embedded in
paraffin. The kidney tissue block was cut at 3 sm and stained
using hematoxylin and eosin. To evaluate the grade of tubular
damage, numbers of necrotic tubules and intratubular casts in
the cortex, outer and inner medulla were counted at 400
magnification with a light microscope, the mean value per one
field was calculated in individual rat, and then the mean and
SEM were obtained in each group. To minimize observer bias,
the morphometric examinations were performed in whole area
in randomly selected specimens from each animal, by one of the
authors without any prior knowledge of the experiment.
Measurements of the plasma renin activity and intrarenal
renin content
The plasma renin activity and intrarenal renin content were
evaluated in 13 water-drinking, 12 saline-infused and 14 DOCA
plus saline-drinking ARF rats 7.5 and 48 hours after the uranium
injection. Also, the renin-angiotensin activity was estimated in
5 water-drinking and 6 DOCA plus saline-drinking control
animals. Blood for determination of the plasma renin activity
was collected in chilled syringes containing EDTA and immedi-
atly centrifuged at 4°C. The renin activity was estimated by the
radioimmunoassay method, using Renin-Riabead (Dinabot Ja-
pan, Tokyo, Japan).
The excised kidneys were stored at —20°C until the measure-
ment of intrarenal renin content. Renal cortical slices were
homogenized in 2 ml of 0.9% saline. The renin activity of
diluted homogenate was determined by the radjoimmunoassay
method [12]. Sera from rats, bilaterally nephrectomized 24
hours earlier, were added to the diluted homogenate as the rat
renin substrate. The renin content was expressed as nanogram
of angiotensin I generated per one hour of incubation per
milligram of wet tissue weight.
The measurement of urinary uranium excretion
To examine whether or not the saline infusion enhances the
urinary uranium excretion, the uranium excretion during the
first 7.5 hours after the uranium injection was estimated in six
rats each of water-drinking and saline-infused ARF groups. The
uranium concentration in urine and blood samples was mea-
sured by the colorimetric method described by Ichinose [13].
Statistical analysis
All data are presented as means SEM. Comparisons be-
tween two groups were performed using unpaired Student's
(-test. For comparisons of the data from multiple groups, one
way analysis of variance and Dunnett test [14] were used.
Groups
No. of
rats
BP
mm Hg
132 2
C
mi/mm/kidney %Cb
—
UV°
pJlmin
7 1.53 0.09 2.6 0.8
2 16 134 3 0.66 006d 42.9 3.8 10.6 08d
3 5 161 3 1.57 0.08 6.8 0.9
4 13 134 3d 0.94 007d 59.9 4.5 19.3
5 7 133 4 0.65 0.12' 42.7 0.1 7.0 0.9
6 146 8 1.63 0.15 3.8 0.8
7 II 149 7 0.76 012d 46.6 7.5 9.2 07d
P value
Group I vs. group 3 NS NS <0.005
Group 1 vs. group 6 NS NS — NS
Group 2 vs. group 4 NS <0.05 <0.05 <0.01
Group 2 vs. group 5 NS NS NS NS
Group 2 vs. group 7 NS NS NS NS
Group 1, water-drinking controls; group 2, water-drinking ARF; group 3, saline-infused controls; group 4, saline-infused ARF; group 5, 7.5 hr
saline-infused ARF; group 6, 1)OCA plus saline-drinking controls; group 7, DOCA plus saline-drinking ARF.
a BP, mean blood pressure.
b %C1, the percent of control Cm.
UV, urine flow.
d P < 0.005, compared to controls.
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Table 2. Numbers of intratubular casts and necrotic tubules per one field (X 400) in ARF kidneys
Groups
No.of
rats
Casts Tubular necrosis
C
0M
IM C
OM
01. IL IMOL IL
2 l3 0.22 0.06 1.23 0.70 9.51 3.27 3.95 1.99 4.04 0.63 2.40 0.86 0 0
4 II 0.16 0.07 0.68 0.04 l.68 0.56 0.79 0.23 2.85 0.62 1.99 0.63 0 0
P value, Group 2 vs. group 4 NS NS <0.05 NS NS NS NS NS
Groups 2 and 4 are water-drinking and saline-infused ARF, respectively. Abbreviations are: C, cortex; OM. outer medulla; IM, inner medulla;
OL, outer layer of outer medulla; IL, inner layer of outer medulla.
Results
Clearance studies
At the uranium injection time, no significant difference was
found in body weight between groups (320 to 360 g). Forty-eight
hours after the uranium or vehicle injection, body weight loss
(22 to 30 g) was observed in all the ARF rats. There was no
significant difference in the weight loss between ARF groups.
Blood pressure was higher in saline-infused control (group 3),
DOCA plus saline-drinking control (group 6)and ARF (group 7)
rats (Table 1). Also, hypokalemia (serum potassium, 3.1 0.19
mEq/liter) was observed in DOCA plus saline-drinking animals.
C did not significantly differ with different control groups
(groups 1, 3 and 6; Table I). The uranium injection resulted in
a significant decline in the left kidney GFR and an increase in
urine flow. Cm in water-drinking (group 2), saline-infused (group
4) and DOCA plus saline-drinking (group 7) ARF rats was
approximately 43, 60 and 47% of controls, respectively. Also,
Ci,, in group 5, given i.v. saline for 7.5 hours following uranium
injection and drinking water thereafter, was approximately 43%
of that in water drinking controls. When compared with water-
drinking ARF group (group 2), a decline in C was less in
saline-infused ARF group (group 4). Urine flow in saline-
infused ARF rats was significantly higher than in other ARF
animals, probably due to larger saline loading. There was no
significant difference in Cl or ui-inc flow between water drink-
ing (group 2) and 7.5 hour saline-infused (group 5) or DOCA
plus saline-drinking (group 7) ARF animals.
histological examinations
Light microscopic observations revealed tubular necrosis and
intratubular casts in the renal cortex and medulla in water-
drinking ARF rats (group 2) (Table 2). Cast formation was most
pronounced in the inner layer of the outer medulla. Tubular
necrosis was most prominent in the deep cortex. A significant
inverse relationship was found between Cj,, and the number of
casts in the outer medulla (r =
—0.75, P < 0.01) or of necrotic
tubules in the cortex (r -
—0.57, P < 0.05) (Fig. I). Multiple
regression analysis showed the following relation between
and morphometric parameters:
= 0,819 — 0.012 C — 0.007 NT
where C and NT are numbers of casts and necrotic tubules per
one field (x 400), respectively. The standardized partial regres-
sion coefficient between Cm and the number of casts was —0.69
(P < 0.05), while it was —0.07 between C1 antI necrotic tubules
(P > 0.05).
Continuous saline infusion, started just after the uranium
injection, lessened cast formation (group 4). Also, there was a
tendency toward lesser tubular necrosis in saline-infused ARF
rats (group 4) when compared with water-drinking ARF animals
(group 2), though the difference was not statistically significant.
The plasma renin activity and intrarenal renin content
DOCA treatment and saline drinking for four to five weeks
reduced the intrarenal renin content to approximately 3% of the
A
1.5
1.0
E
.5 •o
0.5 -
10 20 30
B Casts, number per field
1.5
1.0
E
0
0.5
5 10
Necrotic Tubules, number per field
Fig. 1. Relationship between C, and the number of intratubulur casts(A) or qf necrotic tubules (B) in waler—drinking ARE rats.
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value in water-drinking rats (7 I vs. 236 38 ng Al/hr/mg).
Also, the plasma renin activity and intrarenal renin content,
estimated 7.5 and 48 hours after the uranium injection, were
significantly lower in DOCA plus saline-drinking ARF rats
(group 7) than in other ARF animals (groups 2 and 4; Table 3).
The renin activity was lower in saline-infused ARF rats (group
4) than in water-drinking ARF animals (group 2), hut there was
no significant difference in the intrarenal renin content between
groups.
The urinary uranium excretion
Seven and a half hours after the uranium administration,
plasma uranium was undetectable (<5 .rg/ml). No significant
difference was found in the urinary uranium excretion between
water-drinking and saline-infused ARF rats (678 II vs. 672
42 g/7.5 hr). In both groups, more than 40% of iv. uranium
was excreted during the lirst 7.5 hours after the uranium
injection.
Discussion
Continuous saline infusion following the uranium injection
attenuated a decline in C and tubular damage. Also, Fried et al
[151 have demonstrated that the iv. infusion of Krebs-Ringer
solution following a renal ischemic event lessens the severity of
renal failure in rats. These data suggest that continuous saline
infusion following ARF insult has beneficial effects on both
ischemic and nephrotoxic ARF.
The saline infusion suppresses the renin-angiotensin activity
[81. It is unlikely, however, that the beneficial effect of the
saline infusion on ARF might have been attributed largely to
suppressed renin-angiotensin activity, because the decline in
C in DOCA plus saline-drinking ARF rats was not significantly
attenuated in the face of suppressed renin-angiotensin activity
and reduced intrarenal renin content. On the other hand, Ryan
et al [91 and Bidani, Churchill and Fleischmann [101 have
noticed the protective effect of chronic saline drinking on
uranium-induced azotemia. Unfortunately they did not estimate
GFR. Blood urea nitrogen does not always reflect GFR. Cabili
and Charney [161 demonstrated that chronic saline drinking
prevents a rise in blood urea nitrogen in glycerol-induced ARF,
but does not prevent a decline in C. Also, in our experiments,
there is the possibility that hypokalemia caused by DOCA
might have increased the susceptibility of the kidney to uranium
and thereby counteracted the beneficial effect of saline drink-
ing. However, hypokalemia caused by DOCA plus saline
drinking was mild, and C, was not affected by this treatment.
A likely alternative is that the beneficial effect of the saline
infusion might have been attributed to diuresis rather than to
suppressed renin-angiotensin activity. In this regard, Bidani et
al [101 suggested the importance of natriuresis at the time of
ARF insult. In the present experiment, however, short-term
saline infusion following the uranium injection did not attenuate
the severity of renal failure. Continuous saline loading and
diuresis seem to be important in the prevention of ARF [8]. The
saline infusion may enhance uranium excretion and lower the
effective dose of toxin, and thereby lead to less severe nephron
injury [6]. In our experiments, no significant difference was
found in the uranium excretion between saline-infused and
water-drinking ARF rats. Furthermore, the short-term saline
infusion following the uranium administration did not afford any
beneficial effect on renal failure. It is unlikely, therefore, that
the beneficial effect of the saline infusion might have been
ascribed largely to enhanced uranium excretion, though the
effect of lowered effective dose of uranium can not be com-
pletely excluded.
Forty-eight hours after the uranium administration, a signif-
icant inverse relationship was found between and the
number of intratubular casts. The partial regression coefficient
obtained by the multiple regression analysis was statistically
significant between C, and cast formation. Furthermore, higher
inulin clearance was associated with lessened cast formation in
saline-infused ARF rats. The findings suggest the importance of
intratuhular cast formation in GFR decline in uranium-induced
ARF, though it can not be completely ruled out that lessened
cast formation might have resulted from preserved GFR. The
pathogenetic role of tubular obstruction by casts in producing
and maintaining uranium-induced ARF is not yet known [1, 21.
Stein and Sorkin [17] and Mason et al [18] noted normal
proximal tubular pressure in the uranium model of ARF.
However, their findings do not always rule out the role of
tubular obstruction by casts in the pathogenesis of uranium-
induced ARF, as tubular hydrostatic pressure in the obstructed
nephron decreases to the normal level with the time [181.
Cushner et al [19] demonstrated that acute volume expansion
results in an increase in tubular pressure above the control level
in glycerol-induced ARF rats, and suggested that tubular ob-
struction is relatively important in this model. Unfortunately,
proximal tubular pressure following acute volume expansion
has not been estimated in the uranium model.
In the present experiment, the partial regression coefficient
between C, and the number of necrotic tubules was not
statistically significant. This finding does not exclude the im-
portance of back-leakage of filtrate in the pathogenesis of ARF
due to a larger dose of uranium, because the back-leakage
seems to be dose-dependent [2, 3, 20].
When extrapolated with the regression lines in Figure 1, C
in the absence of cast formation and tubular necrosis approxi-
mates to 0.8 and 0.88 mI/mm, respectively, indicating signifi-
Table 3. The plasma renin activity (PRA) and intrarenal renin content
in ARF rats
PRA
ng Al/hr/mI
Intrarenal renin content
ng A1/hr/,ng
7.5 hr 48 hr
304 22 338 61
4
7
P
48 hr
6.5 1.2
(8)
3.5 0.5
(6)
0.2 0.03
(8)
Groups 7.5 hr
7.0 0.9
(5)
3.3 0.8
(6)
0.! 0.05
(6)
value
Group 2 vs.
group 4 < 0.01
Group 2 vs.
group 7 < 0.01
Group 4 vs.
group 7 < 0.01
(5)
442 56
(6)4±1
(6)
(8)
279 101
(6)4±1
(8)
NS< 0.05 < 0.05
< 0.01 < 0.01 < 0.01
< 0.01 < 0.01 <0.01
Group 2, water-drinking ARF; group 4, saline-infused ARF; group 7,
DOCA plus saline-drinking ARF. Numbers in parentheses indicate the
number of rats.
946 Hishida era!: Protection from acute renal failure
cantly lower values than in normal controls. The difference may
reflect a contribution of additional mechanisms including re-
duced glomerular filtering surface area [6, 21] and decreased
ultrafiltration coefficient [3, 71.
In summary, continuous saline infusion following the ura-
nium injection resulted in an improvement of Cm and tubular
damage in ARF. This beneficial effect of saline loading was
associated with lessened cast formation rather than with sup-
pressed renin-angiotensin activity or enhanced urinary uranium
excretion.
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